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WfrafcffiO. ra&«EE«»£. EAI&feg2£B5g 

&£^SE^co®#E»JTcfc*tLT. 0<t 2 <T c 
/2, 0<t 3 <Tc/2<?>£$fc^5£LJt. 
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1 

&mz%mztih;x)Vii>t>4 y?m*mteikh4 y 

mSm2. &3««E^fc7a*:Xk:ii»t£^EMJ$ 

0<t 2 <Tc/2 
0<t 3 <T c /2 

<0£3fcg£Lfc.Ifc£*$S!fc^-&4 y?^x -y 

sti t imt-r&mm i ass** s>x •/ hsm 

i^3^^fcro-feXfc<fcvvc\ mmgj}%&me> 
Crat^m«I i: 5r^Sfc-rsH^ia 1 Xtt2 

0<t4<Tc/2 

coJIS £1556 Ui£ b £*tffi fc^6»S3a38WW y 
[fi£JS5] S^2tf«^teTo*x<o§!»&l$5!l 

MTcKWLT. mi/2cr>M:2£m5£Lfi:ZtZmL 

*-ej>s £ fc 2r^at asanas 1 5 mrrtifr 1 

[ft*«7] HPe*J2 0~4 0jum<7)ro^yX;^ 
^*&>f>'?i''xyhfeSK-yK£^LT. iBS5~ 

2 5 ju mco-r jss-ttass-frs £ 1 £*fat -rsit* 

1 5 <0V vffL*» 1 fca»co>f y ? y'x »/ NS^K 
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imimmmm 

[0001 ] 

x >y HSfl^-y H«m£%(cHH-£ . 
[0002] 

■r^aofEli's-y Kcoiofc 

10 5. tvb9*:t>f r '?>Ka4 V9i?x. -/ FEft'Vy K 
jWK<«£*i*0** (Wxtf, ^4^653-12138 
. Hi 5WL *yf^KS'fy?y'x7 

<D^>fif-S^K>y KKtiWCJi. f^Hfc^J: 3 

a v*0>±smk\ &jimM9 1 fc*»4 y?m. 
9 2tM y?m6TL m y?wm) 9 3 ZftLXm 
ts&ru 4y?<r)TfcmT)£)i%£m9 1 fcyx 

A'94 2:tfai&3tl?»&. EJjf£feM9 1«O0 

20 "faRSf* 5 . «S9 5izi^xm^ti. zcomm 
9 59am(M. Emm-**-?9 6&mit>tix 

[0003] Z<T)X o ^«jRKfcV^T. W^IWmtC 

T^B«9 5^|ga$-fr. ^ttfciO. 1 
vmiMMiz&{t2-£xmh%&M9 UzEJimft 
it***. £OE*S[Ki^T. ffi*H4i^rt9 1fc5t 

isst^ix. -f>^jS9 7fc^TRttij-rs. ttajt3t-< 

30 >^SS98«. S^^co£S«E*±ic^U. £BF 
■yh^m-rs. £«OJ:35riE»h*-yh<?we^8mt 

[0004] zzx. 4 yfmt&mftio^x . 
wmrrset:. -fy^ssiss^aj-tso-cfts^ « 

016fc*-t«fc^tc. Kj|64S91S:ffil8LT>f^ 
ffi9 75rttttJ$^:S>t»fc:. fEmr^^-j.x-^9 6^ 

C=4M$«&S( 1 «S£^^tra-tx 5 1 1 . Br^coS 
$Vitat^Wtl«EV2r®l$ ( ti'tiH) fia$^-s 

S9 1 ^7c{cM-rfc»6t. WJnmffVi 5r»mStM 
-t^2<DW^ftTn-fcX5 3ka^&oT>»vg>. ^i- 

50 tt, £Emr^f- A x-^9 6<OffiJ&^-S^|6)§ttS# 
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mt^m^m^. s*r*c. mmsipm^tit. e 

[0005] kZ*>T^ CKOS^y^^i-ybEfiK 10 

•yK£*>wcji. a v?m9 7imm<n±<&mLx 
xsmwmt>tL*\,\ tv^KSfr'**. *zx-. a 

hg^fttL giLL. 4 0jumJa"FC*Sfc3fU F-y 
hg#2 5 jKmJaT^&Mf;*^* U*i:#i.£>*lT 
V^S. 'hS&K-y tttB-TS>f^S59 
7<Og£'h3<W:m^fc»i«5^-Cfc£. 4y?j8* 

qocTcVdAn 

[0007] tZX\ jfc-f. EA«W>@WE»JTcfco 
WCf&tS. Ea«*>B#E«ITett. E>j|64S91 

±. E*»*>B*rE»lTcUL 1 0~2 0m sW&m 30 

jsavdji. >fy^9 7<7«»ffia»jS^ 

t^T, Wm:A^<-f&Ztiaft:$&>X. i»3EV 

©$r#63ttf>(C«. >f y?S9 7tf>S&Vd£oVvC 
fc. -mt<oe (»&li4~l Om/sSS) 
Xhh. 

[ 0 0 0 8 ] iXC. yX;U!Pgfco^r^S . JJE 40 

cOfEft«[(0@^r^»jTc £ 1 0-2 0* sSStC. 4 > 
?«9 7tf)}g8Vd£4~10in/s8gfcgJ£U *» 

)^9ibn^wyh%^ifmxhh^b». mi 

HyfriX^Z. UrtfoT. 20umff)A 
fISfcfct /X>vm:2 0»mtL. 20jumJ;>)i3 
<^h3$r-<y:?>gg£*#Sfctt. 20vmi:'0i>2t > 
iz>bZ%SZA<&t-$-Z>ZtimjL$tli>. L*»U 2*50 



K>y hg^WfiUi. 4 >^S59 70jffi9a[S (81 

h. Lfc#-pT\ 40xtm<DK-y hgSr#&fcli. AV 

0Ufcf2 5jKm&T<OK-yhg£*§SfcfcL 4 
>t%m:12. 5uTnaT£.-thZtff!mt%&. 

attttt9S£J:9. Ett&fcioT. yX^94 
*»^>f>^}S9 7&ia:aj5-frS«^. PtajSiiS-Y^ 

?S9 7(otm^ii. * ( i ) t^-Tiot:. ®yx^9 
4«rapffi«An. ®4>?®9 7<mm($m) v d . 
©e^&£^9 i ^ coffins (^mm&mm*- v > 

^T. >T:x?}g9 7£*fflftt&fcUi. *?>$h yx 
[0006] 

• (l) 

l<m:t>tli>Ztt%&. ZCDtiib. 2 5 

~3 0 umWgffSXfr&DmmcDTmX'i} 0 » LfcW 
->T» ±JE^frT«. #^><xSfi^N}8gJS2 5~3 0 

^-ttltf. yX;Pg<OTlSli. 2 0jumSJgtCfCW 

[0 00 9] ^ip^raS5-fTI3i-S#Si:LT. « 

i. fcf . ^Hia 5 5-1758 9^4i«^tca®$fl.T 

^9 6fcQJjnLT, r^^fx^j JrffddfcT. JXiV 

^vhmrtmim&ztix^h. znmmwmm 

m 1 7 fc^tf-J: 3 fc. £E*f64S9 1 ^^g^-fr* 
teMz. iflEVi (>0V) t^?iiTV^E« 

t^^-jlx-^ 9 6<o9an®Ev^t5ixBro vt^-e« 

^3-frSmi«0€E^fl:rD-t^54i:, 0V{C^T« 

^L^aunmEv^eigf ( tri^s) fim-rsmEffi» 

>-?jg9 7£tttfJ$-£Sfc£fc:. iKWtttail&fffcfilx.? 
•frSfeftt. Emr^f-j.x-^9 6c7)QJjiiSEV2:7C 
<0«EVi OSS {c*-CtiJDS«S^2 <0«ES!^ra 
•fcX5 6i:*»£$ro-0>&. ClOidfc. tttUElgtcE 

■hm&zifflkzikht. /X)vmam^tb^^~x 



(4 

5 

\i. &tmffiiz*-x*xW;X)vm£3\*%L*ii 

x. jX)\>m0>A >?m#$&t&±. Qtia*nz&v 

[0 0 10] 9 14 3 6 5 5 

X. miSX/Wt>m%->t:&<r>4 >?&ZWZ2lt?, 

ztx\ * -xt xMmffimmwiim&^-mm 
mK^mmm^^x^K-yif^^^tixa 

*) . Mti&mm 5 9-21886 6^&$BCii. 
igamfi^&S^frfc LT. J&l<DmE05rt::rtM: 
X54tm2<0«£^fl:To-b>t5 6W^mKi (9 A 
5>^) £«5£LTV*S. ifc. *fBFF2-19294 
7 ^igfctt. as i XtfSS 2 tf^BSffcro-ferX 5 4 , 

[00 1 1} 

mm<r>x=.x*x i m (3\zn*>) comrm mi 
7) tzh^xh. a >?m&z*z<T$zcoii. mi 

Lt:#->x. 2 0um&rF<mM>?m$:nx. 
m. s.^m<m^mmT c =i4us^ aavd=6m/ 

s<^ttTt» HI 7 Iz^rmmZEWBTBtlii 

S) ti. Sfftmra-feX5 5fc:4>{tSmffifi^® 
ti\ 352 C0'4m3:-fbTa-bX 5 6 t£ &'££h^-(t#f 

^Sftfr^aiLtfflag) «28*em3&iTffir*o 40 

[0012] a*. @i itJktmeffiv&mmmx' 
z<ommm&ft^t:mr&i. mm® 

mttf8kHz&mt2>k. SXfrWwffi&rMZiis 

;x)vmi^mT-?A Ywm^mimsL\^ 
ti. zvmx-mvt:^? nt, mi ek^t^jmt » 
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vmmmmxu.. iokHxy±vm>im%&^ 

m i 7 izK-tmsfimcommmEmtx ~>x&.i 
hi&j&oftmtimLx^&z knm*xi>&. 

[0013]-^. nWf-2-l 9 2 94 7-^gfcfE 

mztix^&x?^ m i nz5f;-tmmE.$miz&^ 

^gtt. «>-Ni8£#& c: k iflmttiX Li 
±»f/A*>Tff^fH (ti/t 2 ) £BWMHT c fc-8: 

3o^me>y;opg-ro. #^tLS«swvjg 

[0014] zcomte. ±3&covmzm?>.xKcZivrz 
<?M'My?mz. m^mim®xi>%$LtzWix$ - 

-/ MBSK-y H^ffiirtrffi^SflW-S i k 

[0015] 

[PUl^jB^-tS^O^a] ±£ll!S*K»l-t^A:* 

(c. rnmismm.mi. wmmmcmmE: 
imat. %mtmm®mt:$382-<tx. a>?& 

^21x£E&mmfttz!&)&K£>klZit&Zk 
IMJEhmmizSMZti&SX/Urmyfi&Z 

0. JJMIffWlEWi Jtl!ElMI<« 

$-^m$-fr&*i»)fc:. mE$-miiirtsigi<oTOEfl:r 
*|6)t:. mES:8«lirr6m2omJBBEfl:To-bxi:. ± 

JirrS®3««£^fl:ro-bXi: h t,*LT« 

JfctSfc&fc. ^3^mEB&<fc7-n-feX{ctJ 

0<t 2 <T c /2 
0<t 3 <Tc/2 

[0016] a^. ii^a2a®oi6BB«. mmim 
%3<rmwicra^x<n^^im. ±em2<omE 
us. 

[0017] 4fc, il««3a«<Dl6BBIi. H««1X 

mmmm&crMmm^ ±smicom^(tr 

£ k iW&k LX\^h . 



[0018] rnm4mt<^mn. mrnsm 

0<t4<Tc/2 

[0 0 19] fiM5S»tf>?MHtt. ^««3XI±4S 

l/2<^Sta^Lfc^i:$-#tai: LX^h. 

[0 0 2 0] 2*:. ll^6lIi8*>?&9fcL tf^U'i 

[0021] ifcfc. fgiJ^7^<0?69j«. IfcSSlTb 

mrnmizte o . Hps*? 2 o~4 0 m?>_Lgy 

S-«li.&>f^vxyhgS^»/Ki&Bi!jLT. aSS5 
~2 5 jumtfW y^a^tttfiS-li-SC: t LTV'* 
6. 

[0022] 

! tanG 
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*S„ 01 2 (a) @lfc^T>f y^x-zMBHK 

3fc*^raj£3flS»&7H^- *>X 
[kg/m'] , nu«, -f^ftteJUfM?— 

m3{iyx;P7<M-*— ^yx. nii-f y?m&l 
6<0^gJ£fii[Ns/m5] „ r3{iyXyP7»tS« 

fit. c t &m>&<v&smm im*/m „ cibee** 

10 c3«yX;P7<D^S§ft. 0«4>-?fc:-$-;c.£>iT.£ffi 
* [Pa] £XLTti£. ff*T^f-^x-^ 

tof, JSa^-ft-^^XnuXt^i^icoJi*^ 
^0 (a) co^fiSlelKMJ. MWt, H0 

( b > mtim&xmtiz. 4 ytmrne t 

SX)V7<7)4 1 — ?>Xmz , m3fcCOfalT\ m2 = kim 
OM*£#. -f>^«l&?L6i:yX/|,7<O^Hg!a 

iofcflBELT. 01 3 (a) iZ^tXoiZ. 
V&;X)VU7£.iiV&mffl%.Vi3' [m»/s] «„ 

^ (2) T^ifehA. 

[0023] 
[S2] 



u* 3 (t.e)= 



0 



fcfc'U E, 



eap(-Et-t) B i nte- t-fc) 



i- 



(2) 



(0^t<t0 



2™3 



c,m 3 



4> 0 = tan 



Dc 



[0 0 24] ifcfc. 013 (b) fcSjrfJ:^ «3t& 
ML £i&€E89&£>®S5 <A, B, C. D*>fcj£) 

fc#-e£s. -r*^ m (b) msmsw&Tm 



[0025] 
[&3] 



(6) 

9 

u 9 (t) =u' 9 (t^) 
usft) =U3<t0i>+«;<t-ti.0a) 
n s (t) =u' 8 (t.^)+i4(t-t 1 .ei) 
+ ua(t- (ti+fiXft) 
uaft) =u , a(t.ei)+u;(t-t 1 .e 2 ) 

+ »&(t- (tl + t'l).03) 

+ na(t- (tj+t'i+ta).^ 
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1 0 



(0£t<ti) 
(t! <t<t x +0 

(t, +tl <t< 
t» +ti +t a ) 



(t>t t +t\ + 1 2 ) 



>■ (3) 



[0026] tZZT. (a) «!g»^ff&JglC# 

u nigfcse ( 3 ) zm\>rammu 3 z?sitbxx.& 

hi 4 1^-. ti<T c (T c ■.KmumMwrn <r> 
mx\t. iLhivpmucom- (mm ( a > -> 
(b> - ( C ) > cftot. immxi 3 vok%m 

K < t " ) &i>. B+^^3EStt. /X 

qtt. * (4) X-mii&Zkirt>fm*%*otz. 01 
4^t8anii«fc:«ifc0!1-|.fe«>T*&. 
[0027J 
[&4] 

i 00 J^u (t) dt " (4 > 

[0028] ttb*>. ±*>±ifmS 1 1 <ib£ 

m>m<m&i?%&k*s:h (A^Tfmiatitcovvc 
*>. mmxbz) . 

[0029] ^ri>. mi i iz^mammmzm^ 

X. X-Xttxim (3l#fT*>) £fxd*§&fc:. £*>_t 

t>x-bh. 

[0030] fctfU El 1 7 l^t^^!M«a*4ffi 

OAtm^uoa/jvsi^swii^wcfts. -er 
•c. H4 (a) \z^txo^ mmmmzttiif 

T^f-iX-^4fc:iHlxSJ:d*C-m(jr. 05 (a) Ic 



04 ( b ) fcijrT i 3 ttWON S 

Xotzm&rttUf. 05 (b) iz^rtXo 
[ 0 0 3 1 ] 2 fc. -hiBLfc i 3 fc. im&iLhttf/ 

20 ii^S3, 4xt^5S«<o^BBT{i. m3<om®5 

^tt£WW=J«iirc**. 
[0032] 

[IfeBBcoSUfcc^S] WT. 0E£#«SLT. Z<7)$89\ 

mm<mm^^xmm$h» wmt. mwzm^ 
xmmizfio. 

30 O^lHttM 

01 (a) ^O?£HB<DmilliS0rC*S^y^^x 

fltJ*£*-ri8rE0, f?0 ( b ) fcL PH ^ i^'x -/ ME 

^'yVi^mLx^-r^mmm. 02<±, n>f^ 
mmm&ir^tya-y^m. 03«. ^y^^x-/ 

40 «gga. 05ii. mmmmmizx^x. jxawxz 

fc. 06&l^07«. ^<O0!c^)*?rilWS^«x7)0 
Xtbh, 

[0033] i/9 Vs. -/ h^v«y HJ4, 0 

i(a) iz^txo^ ^tKt-c-fy^asi^ttaj 

04«£iiiSE*|6lk:M^^tLyt^<r)ff*l64S2 

so t.&rnimM2<m*&mm&thwam3t. 



(7 

1 1 

ZtiX. &£E*3£^2£4y7iHJ^S*:tfxo*ffl 

*>m y?mi *ttaj$*&«at<oy>c;w7 ta^era 

B86. EtJife<feg2&tfyX^7fcJ:- 5 t\ 

m£mjtzm%m&zti. £E«r?^x-* 

4 fc»S3 E*&££2rt<0>f 

#\ BE;ta£££2<Offl (-T&fc^ fiiWS3?>0+± 
SB) k^TV^. 

[00 34] d^)Hftfi*0^^ KSjSigTti. 01 

( b ) &j?t£ o tc. ^ruxmrxpsmzmi^ti 

ZZtT. SR^yX^7*!5ij*tcXJi^^«fclS5i|$ 
iUty XA'TP— F 7 a fc . ffSI-f >-?lg5tf)3aaa5# 20 
JBR3*UfeT-^7V- h 5 a . 4 >?{£j£?L6 #S? 

»S 3 * SSikrV- h 3 a fc £ WBS bfc 
ft. Zilh(OyU-h2a, 3a. 5a~7a^f?» 

2 o^t mcomtti^i:*i'%imm*m^xmmm 

■&LXfffi7is-h&m.L. act. f&£$*ifc«®7 
fiar^-h3at:«. mm (xi^hu?*- s 

Tl£jg3*Ufc*3 5 0—7 5/zinCD--y^r;l'fe& ; 
HJH&fliOfcitU ffi<7)TP-b2a, 5a-7at 
»i. $ 5 0—7 5/im<7)XxVl'X«36ifflV^it&. 
2fc„ dOWtOyXA^te. raPg*3 0/xm. tggft 
65//m, £$lfc7 5/imi;3iu EEA3^feS2fflfc|6j 

tfLZtlX^t. 

[0035]<«C. 02Rtf03£#«gl/C. CltfXHtf) 40 
4 3>x » h£ligM£«j£LT. y? 

0qr£A»CPU (+3feJ8UI§!g) ^ROM^RAM^O 

^^fcfllvvc, 4 y?— mftLX'*— v-r 
m&®iw»th. 50 
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[0036] 02«H&lsJ8&kL 04 (a) K*f 

¥miiznm-z>i%fe<r>wxT7+3.x.-94, 4. - 
Ear^^-jLX-^4, 4, -t lmestt&ti&s 

IHIOX4 >y^y^|»2 3.23. -fc*»i?>8B&flSj£ 

[0037] »B8S£|IH»2 1 ■ t^-d^ 
3dftlII»fc«#[IIKfc*^ffi&3*U CPUtriORO 

-9*Ti-urmi,t&. a^ssitTa4 < a > t 

!S2 2t±. mm^m^k2Hpt>m^^ix^msKm. 
mm^miiimLx. 04 < a ) t^-rig*s»tiE 

LTffi*1-4. X4 -/^->^»2 3«. A 
*3S* 5 «*lg1iIil!»2 2^>aj*Sgt3«S$tt. aj^jss* 1 
»i5^Sffi*r^f-^x-^4<35-3gt^$tL. »J«I 

x. m?&wiw%m2 2ii>t>iiij}Ztiz>mm® 
msmm^ (04 ( a) > ^Emr^^ A x-^4tc: 

Ejimmi&t. znEjmizx^xjxfrifrm 
^osg^^y^jsi^Btaj^^-s. *t>. donttw 

tftmcM'i^xmMLftozttzx'). mmsLtiz 

X^««^2«E»$iiS. 
[0038] <J?fc:. 0 3<7)m>®mi. sXAJ>>t>at& 

&$mzith. ^hfyzm^mrtmrnrnx-Jb 
0 . jggtiEt^ 3mm<?)tmmi\Bm3 1 a , 3 1 

b, 31cfc. Z.tLt>0)8am&.®i&3l a. 31b. 
3 1cfcl«lfc:^$^«*ii«g|iI83 2a. 32 
b. 32c EST^^.x-^4. 4, -fclHl 

fcgag$*tf:«fscfl!?)x>f ^>nm3 3 . 3 3 , ■ ■ 

[0039] SM40B3 1 a~3 1 cli. 

ztihcommmm 1 a~3 lc^^s 

»»4I1I»3 1 a(i. CPUfelJ: *)ROM0)jm<?>im 



(8 

13 

mm.mzwftt&mh. wm>mm 1 b«. c 
04 ( a > £Mmz>'i-m:iiim<wmmmmm^t: io 

S. ^Jli(Blll»3 2 att. SJBf&£BK3 1 a 
t. m^ii4e[il»3 2bU. »»&£|hI*&3 1 b^ft 

m^^ni»3 2 cjj. «j^i^i5i83 1 cfrim 
teztitz'mb&mnmimmm^imtitm vx 
^^mtmm^mmmmsMmmn (04 < a > > 

[0040] y f-y?T5|»3 3Ji. 05H*ib 

mi, ^2. &3coh7>x7T -y-hfre>m&2 
ti. mohyyxyr • y- h nxnmifimnmmm 

m 2 aCOJfctjSBCSIiSfU f&20>h7>XyT ■ 7 

- h p)Aj]i%m,ji%m®iz 3 2 b<oaj*«K:^$ 
*u ®3<oh5>x7r - h <?>*j)m&m}]®m® 

»3 2cOiMj8fc«K3iU 411. 82. moh? 

>x?t ■ y-hn&jjmifiifiRt&jmffiBMm- 

zff>mmsffym.tzxo. &)mm2im!L 
tzmastft (mm • v&) s-rc. >i>?mmzixfii 
sjjmm2izm^Ejm^m.^-t. z<os*aaz 
£r>x;xf\s7t»t>*3&My?mimtiiiZit&.m 40 

mn#&2cr>y7yx7T ■ y-h<?MffiUz?JlZti 
St, m2eohy>xyr ■ y-Ym>ttoXWi 

«ggfi-tfc:i5tfc|gfi[^iSa«3fc:4-i., SSrtS3£>£ 

fifcio. ff*ffc*M2-&«c^fc$-e-T, Avim. 
mhmzx^x;x)V7fr^*>mr)4>9&\*v±)&% 50 
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(54) METHOD FOR DRIVING INK JET RECORDING HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable microink 
droplets with a smaller dia. than a nozzle diameter to be 
stably discharged at a high drive frequency. 
SOLUTION: In a method for driving an ink jet recording 
head which discharges ink droplets 1 from a nozzle 
communicating with a pressure generation chamber 2 by 
applying a drive voltage to a piezoelectric actuator 4 and 
causing a pressure change in the pressure generation 
chamber 2, a drive voltage waveform is constituted by a 
first voltage change process which applies voltage in a 
direction where the pressure generation chamber 2 is 
inflated, a second voltage change process which applies 
voltage in a direction where the pressure generation 
chamber 2 is compressed and a third voltage change 

process which applies voltage in a direction where the pressure generation chamber 2 is 
again inflated. F urther, voltage change timesJ2 . t3 in the second and the third voltage cha nge 
proc ess are set to be the duration of 0<t2<Tc/2. 0<t3<Tc/2 to the intrinsic period Tc of a 
pressure wave generated in the pressure generation chamber 2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the drive method of an ink-jet 
recording head of breathing out a minute ink drop from a nozzle and performing record of a character or 
a picture. 
[0002] 

[Description of the Prior Art] From the former, the so-called on-demand type ink-jet recording head 
which carries out the regurgitation of the ink drop from a nozzle as one of this kind of the recording 
heads according to printing information is known widely (for example, refer to JP,53-12138,B). 
Drawing 15 is an outline **** cross section about the basic composition of the ink-jet recording head 
called kayser type among on-demand type ink-jet recording heads. In this kayser type recording head, as 
shown in this drawing, it is the upstream of ink, and the pressure generating room 91 and the common 
ink room 92 are connected through the ink feed holes (ink supply way) 93, and the pressure generating 
room 91 and the nozzle 94 are connected by the downstream of ink. Moreover, drawing insole Itabe of 
the pressure generating room 91 is constituted by the diaphragm 95, and the electrostrictive actuator 96 
is formed in the rear face of this diaphragm 95. 

[0003] At the time of printing operation, an electrostrictive actuator 96 is driven according to printing 
information, the variation rate of the diaphragm 95 is carried out, thereby, the volume of the pressure 
generating room 91 is changed rapidly, and the pressure generating room 91 is made to generate a 
pressure wave in such composition, this pressure wave - the pressure generating interior of a room ~ it 
is injected outside through a nozzle 94, and some ink with which 91 is filled up serves as the ink drop 
97, and it carries out the regurgitation The breathed-out ink drop 98 reaches the target on record media, 
such as the recording paper, and forms a record dot. By performing formation of such a record dot 
repeatedly based on printing information, a character and a picture will be recorded on a record medium. 

[0004] Here, by this on-demand type ink-jet recording method, if reference is further made about ink 
drop discharging, although one drop of ink drop carries out the regurgitation whenever it impresses 
predetermined driver voltage to an electrostrictive actuator 96, in case one drop of ink drop is made to 
breathe out, generally by the former, impressing the driver voltage wave of a trapezoidal shape to an 
electrostrictive actuator 96 is performed. Since the driver voltage wave of this trapezoidal shape 
compresses the pressure generating room 91 and makes the ink drop 97 breathe out as shown in drawin g 
16 The 1st voltage change process 51 the applied voltage V to an electrostrictive actuator 96 is made to 
increase linearly from the reference voltage to the predetermined height VI, It consists of a voltage 
maintenance process 52 of holding applied voltage V which reached the predetermined height VI for a 
time (tl f time), and the 2nd voltage change process 53 which returns applied voltage VI to reference 
voltage in order to return the pressure generating room 91 of a compression state after this. In addition, 
since the movement of the electrostrictive actuator by the change in driver voltage is dependent on the 
structure of an electrostrictive actuator 96, or the sense of polarization, although the electrostrictive 
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actuator which moves to a retrose with the movement of the above-mentioned electrostrictive actuator 
also exists As opposed to the electrostrictive actuator of this reverse action If driver voltage is also made 
into a retrose, since same discharging will be carried out to having described above, in the column of the 
"detailed description" of this specification It works to the sense which will compress a pressure 
generating room if applied voltage increases in order to simplify the following explanation, and on the 
contrary, if applied voltage decreases, the electrostrictive actuator which works to the sense which 
expands a pressure generating room will be represented, and it will explain. 

[0005] By the way, in this kind of ink-jet recording head, since 1 pixel is formed by the ink drop's 97 
reaching the target on the recording paper, and forming a record dot, if the path of a record dot is large, 
there is a problem that a granular feeling appears and high definition is not obtained. Then, it is 
supposed on experience that it is the diameter conditions of a dot for acquiring a smooth picture with 
few granular feelings (high definition) 40 micrometers or less, and if the diameter of a dot is 25 
micrometers or less, it is thought that it is very desirable. In order to obtain the small diameter of a dot, it 
is in Ming that what is necessary is just to make small the path of the ** ink drop 97 to breathe out. 
Although the relation between an ink drop diameter and the diameter of a dot is dependent on the flight 
speed (drop **) of the ink drop 97, ink physical properties (viscosity, surface tension), and record paper 
types, the diameter of a dot usually serves as a double-precision grade of an ink drop diameter. 
Therefore, it is necessary to have to set an ink drop diameter to 20 micrometers, in order to obtain the 
40-micrometer diameter of a dot, and to set an ink drop diameter to 12.5 micrometers or less, in order to 
obtain the still smaller diameter of a dot of a dot, for example, a diameter 25 micrometers or less. On the 
other hand, when making the ink drop 97 breathe out from a nozzle 94 by the pressure wave, theoretical 
consideration shows that it is proportional to the effective-area product An of the ** nozzle 94, the speed 
(drop **) Vd of ** ink drop 97, the natural period Tc of the pressure wave in ** pressure generating 
room 91 (acoustical fundamental-vibration mode), etc., as the volume q of the ink drop 97 breathed out 
is shown in a formula (1). Therefore, in order to miniaturize the ink drop 97, it is thought that what is 
necessary is just to make small the part, the diameter of nozzle opening, **** Vd, and the natural period 
Tc of a pressure wave. 
[0006] 
[Equation 1] 

qocTcVdAn U ) 

[0007] Then, the natural period Tc of a pressure wave is discussed first. The natural period Tc of a 
pressure wave becomes short decreasing the volume of the pressure generating room 91, or by raising 
the rigidity of a pressure generating interior wall and making small the acoustic capacitance of the 
pressure generating room 91 . However, if the natural period Tc of a pressure wave is shortened 
extremely even at the order for several microseconds, since the smooth nature of a refill will be spoiled, 
consequently a bad influence will be produced in respect of**** efficiency, the highest drive frequency, 
etc., about 10-20 microseconds of the natural period Tc of a pressure wave are a minimum community 
in practice. Next, **** Vd of the ink drop 97 is described. **** Vd influences the impact position 
precision of the ink drop 97, and if **** is slow, as for the impact position precision of the ink drop 97, 
the ink drop 97 will become bad in response to the influence of the flow of air. Therefore, in order to be 
unable to ask only for making **** small, and to be unable to make **** Vd extremely small but to 
obtain high picture quality after all, the value more than fixed (usually about 4-10 m/s) is required also 
about **** Vd of the ink drop 97. 

[0008] Next, the diameter of nozzle opening is described. When an electrostrictive actuator 96 is driven 
by the driver voltage wave which sets the natural period Tc of the pressure wave in the pressure 
generating room 91 where it filled up with ink as about 10-20 microseconds according to the above- 
mentioned situation, and sets **** Vd of the ink drop 97 as about 4-10 m/s, and is shown in drawin g 
16 , as for the minimum ink drop diameter obtained, it turns out on experience that the size about the 
diameter 97 of a nozzle and equivalent is a limitation. Therefore, to set the diameter of a nozzle to 20 
micrometers, in order to obtain the ink drop diameter of 20 micrometers, and to consider as the diameter 
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of a nozzle still smaller than 20 micrometers, in order to obtain an ink drop diameter still smaller than 20 
micrometers is demanded. However, since the probability of occurrence of the blinding of a nozzle 
increases while many difficulties are accompanied by forming the diameter of a nozzle smaller than 20 
micrometers in respect of manufacture, the reliability of a head and endurance reservation will be 
spoiled remarkably. For this reason, in fact, about 25-30 micrometers is the present minimum of the 
diameter of a nozzle, therefore about 25-30 micrometers of the diameter of the maximum globule 
obtained are a limitation on condition that a ****. In addition, if the problem of blinding will be solved 
in the future, it will be expected that the minimum of the diameter of a nozzle is extended to about 20 
micrometers. 

[0009] it is indicated by JP,55-17589,A etc. as a means to overcome such a problem - as - the driver 
voltage wave of a reverse trapezoidal shape « an electrostrictive actuator 96 - impressing ~ "-- the ink- 
jet drive method of having made it make an ink drop smaller than the diameter of a nozzle breathing out 
by lengthening and striking and performing " is offered This driver voltage wave in order to expand the 
pressure generating room 91, as shown in drawing 17 The applied voltage V of the electrostrictive 
actuator 96 set as reference voltage VI (>0V) For example, the 1st voltage change process 54 which 
decreases even 0V, While compressing the pressure generating room 91 the voltage maintenance 
process 55 of holding applied voltage V which decreased even to 0V for a time (tV time), and after this 
and making the ink drop 97 breathe out In order to make it prepare for the next discharging, it consists 
of the 2nd voltage change process 56 which makes the applied voltage V of an electrostrictive actuator 
96 increase even to the height of the original voltage VI. thus - if a pressure generating room is 
expanded just before the regurgitation, since the regurgitation will be performed from the state from 
which the meniscus which suited the nozzle effective area was drawn in the interior of a nozzle, and the 
configuration of a meniscus became concave ~ this drive method - "meniscus control" and "-- it 
lengthens and strikes and is called " etc. Since it originates in the drop formation state at the time of the 
regurgitation changing etc. when according to the drive method of this "meniscus control (lengthening 
and striking)" a meniscus is drawn in the interior of a nozzle just before the regurgitation and the amount 
of ink inside a nozzle decreases, and the ink drop of a path smaller than the diameter of a nozzle is 
formed, high-definition record can be obtained. In addition, since the ink drop which carries out the 
regurgitation stops being influenced of wetting of a nozzle effective area easily, regurgitation stability 
also improves. 

[0010] Moreover, a means to use meniscus control for a **** modulation is proposed by JP,59- 
143655,A by making the ink drop of a path which is different from the same nozzle breathe out by 
making adjustable the amount of retreat of the meniscus in front of****. Moreover, the time interval 
(timing) of the 1st voltage change process 54 and the 2nd voltage change process 56 is specified as 
conditions as for which some proposals are made also about the voltage waveform of the driver voltage 
in the case of performing meniscus control, for example, a minute drop becomes JP,59-218866,A is easy 
to be obtained. Moreover, by setting the voltage change time of the 1st and 2nd voltage change 
processes 54 and 56 as the integral multiple of the natural period Tc of a pressure wave, to JP,2- 
192947, A, generating of the reverberation of the pressure wave after ink ****** is prevented, and, 
thereby, the drive method of preventing generating of a satellite is indicated. 
[0011] 

[Problem(s) to be Solved by the Invention] However, even if it is in the drive method ( drawing 17 ) of 
meniscus control (lengthening and striking) given [ above-mentioned ] in an official report, according to 
the experiment, it is difficult to be to about about 90% of the diameter of a nozzle, therefore to obtain a 
minute ink drop 20 micrometers or less, and to realize high-definition record at most, for an ink drop 
diameter to be made small in practice. The artificers concerning this application namely, under the 
conditions of **** Vd=6 m/s diameter =of nozzle30micrometer, and natural period Tc=14microsecond 
of a pressure wave And according to the result which conducted the **** experiment by the driver 
voltage wave shown in drawing 17 Voltage holding-time tT in reference voltage VI, the voltage change 
time (bringing down time) tl in the 1st voltage change process 54, and the voltage maintenance process 
55, Even if it changed variously the value of the voltage change time (starting time) t2 in the 2nd voltage 
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change process 56 and combined it, 28 micrometers of**** (nominal diameter computed from the **** 
ink total amount including a satellite) obtained were a minimum. 

[0012] Moreover, when a high-speed drive is carried out by the voltage waveform of the reverse 
trapezoidal shape shown in drawing 17 , the reverberation of a big pressure wave arises after ink 
******, consequently a low-speed satellite occurs or poor **** has occurred [ un-arranging / of lacking 
**** stability ]. In the experiment which these artificers conducted, when drive frequency exceeded 
8kHz, the contamination of the air bubbles into a nozzle, adhesion of the satellite drop to the nozzle 
circumference, etc. occurred, it originated in this, and a fall and poor **** 0 f****yd were observed. 
Since it is checked that the head used in this experiment is a head which can drive 10kHz or more in the 
driver voltage wave of a trapezoidal shape shown in drawing 16 , it is in Ming that generating with poor 
**** originates in the reverberation of the pressure wave produced by the driver voltage wave of a 
reverse trapezoidal shape shown in drawing 17 . 

[0013] On the other hand, although **** stability can be secured when it brings down and time tl and 
the starting time t2 are set as the integral multiple of a natural period Tc in the driver voltage wave 
shown in drawing 17 as indicated by JP,2- 192947, A, it will become difficult to obtain a minute drop 
shortly. That is, according to the experimental results, such as this artificer, starting / when it brings 
down and time (tl/t2) is made in agreement with a natural period Tc, with the 30-micrometer diameter 
of a nozzle, the minute drop obtained is 35 micrometers and it turns out that it is difficult to obtain **** 
below the diameter of a nozzle. 

[0014] This invention was made in view of the above-mentioned situation, and aims at offering the drive 
method of an ink-jet recording head that high drive frequency can also **** stably the minute ink drop 
of a minor diameter (for example, 20-micrometer level) rather than the diameter of a nozzle. 
[0015] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention 
according to claim 1 By making the pressure generating interior of a room where impressed driver 
voltage to the electromechanical transducer in, the electromechanical transducer concerned was made to 
transform in, and it filled up with ink produce pressure variation The drive method of an ink-jet 
recording head of making an ink drop breathing out from the nozzle opened for free passage by the 
above-mentioned pressure generating room is started. With the 1st voltage change process which 
impresses voltage in the direction to which the volume of the above-mentioned pressure generating 
room is made to increase the voltage waveform of the above-mentioned driver voltage, subsequently 
While having at least the 2nd voltage change process which impresses voltage in the direction which 
decreases the volume of the above-mentioned pressure generating room, and the 3rd voltage change 
process which impresses voltage in the direction to which the volume of the above-mentioned pressure 
generating room is made to increase again and constituting it It is characterized by setting the above 2nd 
and the voltage change time t2 and t3 in the 3rd voltage change process as the length of 
0<t2<Tc/20<t3<Tc/2 to the natural period Tc of the pressure wave generated in the above-mentioned 
pressure generating interior of a room. 

[0016] Moreover, invention according to claim 2 relates to the drive method of an ink-jet recording head 
according to claim 1 , and is characterized by making the start time of the voltage change process of the 
above 3rd in agreement with the voltage change process-killing time of the above 2nd. 
[0017] Moreover, invention according to claim 3 relates to the drive method of an ink-jet recording head 
according to claim 1 or 2, and, subsequently to the voltage change process of the above 1st, the voltage 
change process of the above 2nd, and the voltage change process of the above 3rd, is characterized by 
including the 4th voltage change process which impresses voltage in the direction which decreases the 
volume of the above-mentioned pressure generating room at the voltage waveform of the above- 
mentioned driver voltage. 

[0018] Moreover, invention according to claim 4 relates to the drive method of an ink-jet recording head 
according to claim 3, and is characterized by setting the voltage change time t4 in the voltage change 
process of the above 4th as the length of 0<t4<Tc/2 to the natural period Tc of the pressure wave 
generated in the above-mentioned pressure generating interior of a room. 
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[0019] Invention according to claim 5 relates to the drive method of an ink-jet recording head according 
to claim 3 or 4, and is characterized by setting the time interval from the start time of the voltage change 
process of the above 2nd to the start time of the voltage change process of the above 4th as the length of 
abbreviation 1/2 to the natural period Tc of the pressure wave generated in the above-mentioned 
pressure generating interior of a room. 

[0020] Moreover, invention according to claim 6 relates to the drive method of a claim 1 or an ink-jet 
recording head given in any 1 of 5, and is characterized by the above-mentioned electromechanical 
transducer being an electrostrictive actuator. 

[0021] Moreover, invention according to claim 7 is characterized by starting the drive method of a claim 
1 or an ink-jet recording head given in any 1 of 5, driving an ink-jet recording head equipped with the 
above-mentioned nozzle whose diameter of opening is 20-40 micrometers, and making the ink drop of 
5-25 micrometers of **** breathe out. 
[0022] 

[Theoretical validity of invention] The rationale of the validity of this invention is explained using a 
lumped-parameter-system equal circuit model. Drawing 12 (a) is an equivalent electrical diagram in the 
ink restoration state of the ink-jet recording head shown in drawing 1 . In this drawing, the inertance 
(acoustic inertance) [kg/m4] of the vibration system by which mO is constituted from an electrostrictive 
actuator 4 and a diaphragm 3, and m2 The inertance of a nozzle 7 and r2 the inertance of the ink feed 
holes 6, and m3 The acoustic resistance of the ink feed holes 6 [Ns/m5], r3 expresses the pressure [Pa] 
by which the acoustic capacitance of the ink feed holes 6 and c3 are given to the acoustic capacitance of 
a nozzle 7, and psi is given [ the acoustic resistance of a nozzle 7, and cO / the acoustic capacitance 
[m5/N] of vibration system, and cl ] to ink for the acoustic capacitance of the pressure generating room 
2, and c2. If the laminating type electrostrictive actuator of high rigidity is used for an electrostrictive 
actuator 4 here, since the inertance mO and acoustic capacitance cO of vibration system can be 
disregarded, the equal circuit of this drawing (a) is expressed with the equal circuit of this drawing (b) in 
approximation. Moreover, between the ink feed holes 6 and the inertances m2 and m3 of a nozzle 7 The 
relational expression of m2=km3 between the ink feed holes 6 and the acoustic resistance r2 and r3 of a 
nozzle 7 As it assumes that the relational expression of r2=kr3 is realized, respectively and is shown in 
drawing 13 (a) If electric circuit analysis is performed about the case where a driver voltage wave with 
the standup angle theta is inputted, volume-velocity u3' [m3-/s] in the nozzle section 7 within the build 
up time of 0 <=t<=tl will be given by the formula (2). 
[0023] 
[Equation 2] 



i tmd 

u' 3 (t.0) = 
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5 V D ° 
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[0024] Next, it can ask for the volume velocity at the time of using the driver voltage wave of a 
complicated configuration (trapezoidal shape) as shown in drawing 13 (b) by piling up the pressure 
wave generated in the paragraph section (each point of A, B, C, and D) of a driver voltage wave. That is, 
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the volume velocity u3 in the nozzle section 7 [m3-/s] generated in the driver voltage wave of this 
drawing (b) is given by the formula (3). 
[0025] 
[Equation 3] 

u 3 (t) =u' 3 (t.0i) (0£t<ti) 

u 3 (t) ^(tft )+u;(t-t l . e 2 ) (t t < t < tj +t;> 
U3 (t) =u' 3 (t.0i)+^(t-t 1 ,e 2 ) (tj +ti<t< 

+ u' 3 (t- (ti + fi).0 3 ) ti +t'i +t 2 ) >-(3) 

ua(t) =u , a (t,0 1 )+u 3 (t-t 1 ,0 2 ) 
+ u' 3 (t- (ti + fi ),0 3 ) 

+ u 3 (t- (t^t'i + tz).^) (t^ti + f 1 +t a ) 

[0026] By the way, when it actually asks for volume velocity u3 from the driver voltage wave of this 
drawing (a) using a formula (3), it turns out that the situation of a time change of volume velocity u3 
changes with starting time tl a lot. The example is shown in drawing 14 . In the field of tKTc (Tc : 
natural period of a pressure wave), time (t") to set volume velocity u3 to 0 becomes early with reduction 
(this drawing (a) -> (b) -> (c)) of the starting time tl. In addition, the particle velocity in drawing is 
defined as volume- velocity u3' / nozzle effective-area product in the nozzle section 7. Thus, by the 
driver voltage wave, since the volume-velocity wave in the nozzle section 7 changes a lot, this can be 
used as a minute drop regurgitation principle, because, the Ming kana since the drop volume q which 
carries out the regurgitation is expressed with a formula (4) - it is for carrying out proportionally 
[ abbreviation ] at the slash aspect product of drawing 14 like 
[0027] 
[Equation 4] 



dt ~ <*> 



[0028] That is, if the starting time tl is set up small, since a slash aspect product will become small, the 
small drop volume (diameter of a drop) q is obtained. The regurgitation of a minute drop becomes 
possible by setting the starting time tl below to the half of the natural period Tc of a pressure wave 
especially (it brings down and the same is said of time t2). 

[0029] In addition, when performing meniscus control (lengthening and striking) using the driver 
voltage wave shown in drawing 17 , it is desirable to set the starting time t2 below to the half of the 
natural period Tc of a pressure wave especially when performing the minute drop regurgitation. It is 
because an ink drop is made to a granule much more since the effect of change (slash aspect product 
reduction) of the above-mentioned volume-velocity wave acts in addition to the **** reduction effect by 
original meniscus control. 

[0030] However, it is still difficult to obtain the minute drop of 20-micrometer level only by setting up 
small the starting time t2 of the driver voltage wave of a reverse trapezoidal shape shown in drawing 17 . 
Then, immediately after starting a driver voltage wave, as shown in drawing 4 (a), if the 3rd voltage 
change process (process of voltage **** lowering) the volume of the pressure generating room 2 is 
made to increase rapidly is added to an electrostrictive actuator 4, as shown in drawing 5 (a), a slash 
aspect product will decrease further and an ink drop will be made as for it to a granule further much 
more, moreover, **** depended for bringing down — the minutest **** is obtained, as a little effect is 
shown in drawing 4 (b) depending on starting and the time interval to bring down, and it will get it 
blocked if the timing to bring down is started and it sets up immediately after, and it is shown in drawing 
5 (b), if the start time of the 3rd voltage change process is set up so that it may be made in agreement 
with the 2nd voltage change process-killing time 

[003 1] Moreover, if rapid starting / driver voltage wave which brings down and has time is used as 
described above, the reverberation of a big pressure wave will occur after the regurgitation, and it will 
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become easy to produce problems, such as generating of a satellite, and a stability fall at the time of a 
high-speed drive. Then, in invention claims 3 and 4 and given in five, the 4th voltage change process 
(process of voltage starting) which generates the pressure wave for making reverberation suppress is 
added after the 3rd voltage change process. By offsetting by this the pressure wave generated before it, 
generating of reverberation is suppressed and regurgitation stability can be increased sharply. 
[0032] 

[Embodiments of the Invention] Hereafter, the gestalt of implementation of this invention is explained 
with reference to a drawing. Explanation is concretely given using an example. 

o 1st example drawing 1 (a) the cross section and this drawing (b) showing the composition of the ink- 
jet recording head carried in the ink-jet recording device which is the 1st example of this invention The 
decomposition cross section and drawing 2 which decompose and show this ink-jet recording head The 
block diagram and drawing 3 which show the electric composition of the ****** modulation type drive 
circuit which drives this ink-jet recording head The block diagram and drawing 4 which show the 
electric composition of the **** modulation type drive circuit which drives this ink-jet recording head 
The wave form chart (previous statement) showing the volume-velocity wave of the ink which produces 
the wave form chart showing the composition of the driver voltage wave adopted as the drive method of 
this ink-jet recording head and drawing 5 in the nozzle section by this driver voltage wave, drawing 6 , 
and drawing 7 are drawings for explaining the effect of this example. 

[0033] As the ink-jet recording head of this example makes the ink drop 1 breathe out if needed as 
shown in drawing 1 (a), starts the on-demand kayser type multi-nozzle formula recording head which 
prints a character and a picture in the record paper and is shown in drawing 1 Two or more pressure 
generating rooms 2 which were formed in the **** cube configuration, respectively, and were put in 
order by the space perpendicular direction in drawing, At the rear face of the diaphragm 3 which 
constitutes the drawing insole side of each pressure generating room 2, and this diaphragm 3, and two or 
more electrostrictive actuators 4 which consist of laminating type electrostrictive ceramics installed 
corresponding to each pressure generating room 2, The common ink room 5 for connecting with the ink 
tank which is not illustrated and supplying ink to each pressure generating room 2 (ink pool), It is 
prepared in two or more ink feed holes (free passage hole) 6 for making 1 to 1 open this common ink 
room 5 and each pressure generating room 2 for free passage, each pressure generating room 2, and 1 to 
1, and outline composition is carried out from two or more nozzles 7 which make the ink drop 1 breathe 
out from the point which projected in the incurvation upper part of each pressure generating room 2. 
Here, the passage system which ink moves to this order is formed, the vibration system which applies a 
pressure wave to the ink in the pressure generating room 2 is constituted by the common ink room 5, the 
ink supply way 6, the pressure generating room 2, and the nozzle 7, and the contact of a passage system 
and vibration system serves as a base (namely, upper surface in drawing of a diaphragm 3) of the 
pressure generating room 2 from the electrostrictive actuator 4 and the diaphragm 3 by them. 
[0034] At the head manufacturing process of this example, as shown in drawing 1 (b), in being 
circularly punched by precision press working of sheet metal Two or more nozzles 7 to a seriate Or 
nozzle plate 7a arranged alternately, Pool plate 5a in which the space section of the common ink room 5 
was formed, and feed-holes plate 6a by which the ink feed holes 6 were punched, Pressure generating 
room plate 2a in which the space section of two or more pressure generating rooms 2 was formed, After 
preparing beforehand oscillating plate 3a which constitutes two or more diaphragms 3, join these plates 
2a, 3a, 5a-7a with glue using the epoxy system adhesives layer with a thickness of about 20 micrometers 
which is not illustrated, and a laminating plate is created. Next, manufacturing the ink-jet recording head 
of the above-mentioned composition is performed by joining the created laminating plate and an 
electrostrictive actuator 4 using an epoxy system adhesives layer. In addition, in this example, a stainless 
steel board with a thickness of 50-75 micrometers is used for other plates 2a, 5a-7a to the nickel board 
with a thickness of 50-75 micrometers fabricated by electrocasting (electro foaming) being used for 
oscillating plate 3a. Moreover, the nozzle 7 of this example is considered as 30 micrometers of open 
aperture abbreviation, 65 micrometers of ******, and 75 micrometers of length abbreviation, and is 
formed in the taper configuration which a path increases gradually toward the pressure generating room 
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2 side. Moreover, the ink feed holes 6 are also formed in the same configuration as a nozzle 7. 
[0035] Next, with reference to drawing 2 and drawing 3 , the ink-jet recording device of this example is 
constituted, and the electric composition of the drive circuit which drives the ink-jet recording head of 
the above-mentioned composition is explained. The ink-jet recording device of this example has 
memory which is not illustrated, such as CPU (central processing unit), ROM, and RAM. CPU performs 
the program memorized by ROM, and in order to print a character and a picture in the record paper 
based on the printing information supplied from high order equipments, such as a personal computer, 
through the interface using the various registers and flag which were secured to RAM, it controls each 
part of equipment. 

[0036] After the drive circuit of drawing 2 generates and carries out power amplification of the driver 
voltage wave signal corresponding to drawing 4 (a), first, by supplying the predetermined 
electrostrictive actuators 4 and 4 corresponding to printing information, and --, and driving ****-- 
always - abbreyiation - make the same ink drop 1 breathe out, a character and a picture are made to 
print in the record paper, and outline composition is carried out from the wave generating circuit 21, the 
power amplification circuit 22, electrostrictive actuators 4 and 4 and two or more switching circuits 23 
and 23 connected with ~ 1 to 1, and ~ 

[0037] The wave generating circuit 21 consists of a digital analogue-conversion circuit and an 
integrating circuit, after it carries out analogue conversion of the driver voltage data point read from the 
predetermined storage area of ROM by CPU, carries out integration processing and generates the shown 
driver voltage wave signal corresponding to drawing 4 (a). The power amplification circuit 22 carries 
out power amplification of the driver voltage wave signal supplied from the wave generating circuit 21, 
and outputs it as an amplification driver voltage wave signal shown in drawing 4 (a). An input edge is 
connected to the outgoing end of the power amplification circuit 22, a switching circuit 23 is connected 
to the end of the electrostrictive actuator 4 to which an outgoing end corresponds, if the control signal 
corresponding to the printing information outputted from the drive control circuit which is not illustrated 
is inputted into a control edge, it will become switch-on and the corresponding amplification driver 
voltage wave signal ( drawing 4 (a)) outputted from the power amplification circuit 22 will be impressed 
to an electrostrictive actuator 4. An electrostrictive actuator 4 makes the pressure generating room 2 
produce a volume change with the variation rate of a diaphragm 3, makes the pressure generating room 

2 where it filled up with ink generate a predetermined pressure wave, and makes the ink drop 1 of 
predetermined **** it to give the variation rate according to the amplification driver voltage wave signal 
impressed to a diaphragm 3, and breathe out from a nozzle 7 by this pressure wave at this time. In 
addition, the natural period Tc of the pressure wave in the pressure generating room 2 where ink was 
filled up with the recording head of this example is 14 microseconds. The breathed-out ink drop reaches 
the target on record media, such as the recording paper, and forms a record dot. By performing 
formation of such a record dot repeatedly based on printing information, binary record of a character or 
the picture is carried out in the record paper. 

[0038] Next, the drive circuit of drawing 3 is a multi-stage story (in this example) about the path of the 
ink drop which carries out the regurgitation from a nozzle. It changes to the three-stage of the large drop 
of about 40 micrometers of ****, the inside drop of about 30 micrometers, and an about 20-micrometer 
globule. Three kinds of wave generating circuits 3 la, 3 lb, and 31c which make a character and a picture 
print in the record paper with many gradation are a so-called **** modulation type drive circuit, and 
corresponding to ****, Outline composition is carried out from these power amplification circuits 32a, 
32b, and 32c connected to the wave generating circuits 31a, 31b, and 31c and 1 to 1, electrostrictive 
actuators 4 and 4 and two or more switching circuits 33 and 33 connected with - 1 to 1, and --. 
[0039] All, the wave generating circuits 31a-31c consist of a digital analogue-conversion circuit and an 
integrating circuit, among these wave generating circuits 31 a-31c, after they carry out analogue 
conversion of the driver voltage data point for large drop regurgitation to which wave generating circuit 

3 la was read from the predetermined storage area of ROM by CPU, carry out integration processing and 
generate the driver voltage wave signal for large drop regurgitation. While being read from the 
predetermined storage area of ROM by CPU, after wave generating circuit 31b carries out analogue 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/4/03 



Page 9 of 13 



conversion of the driver voltage data point for drop regurgitation, it carries out integration processing 
and generates the driver voltage wave signal for inside drop regurgitation. Moreover, after wave 
generating circuit 31c carries out analogue conversion of the driver voltage data point for globule 
regurgitation read from the predetermined storage area of ROM by CPU, it carries out integration 
processing and generates the driver voltage wave signal for globule regurgitation corresponding to 
drawing 4 (a). Power amplification circuit 32a carries out power amplification of the driver voltage 
wave signal for large drop regurgitation supplied from wave generating circuit 31a, and outputs it as an 
amplification driver voltage wave signal for large drop regurgitation. Power amplification circuit 32b 
carries out power amplification of the driver voltage wave signal for drop regurgitation, while being 
supplied from wave generating circuit 31b, and it outputs it as an amplification driver voltage wave 
signal for inside drop regurgitation. Moreover, power amplification circuit 32c carries out power 
amplification of the driver voltage wave signal for globule regurgitation supplied from wave generating 
circuit 31c, and outputs it as an amplification driver voltage wave signal for globule regurgitation 
( drawing 4 (a)). 

[0040] Moreover, a switching circuit 33 consists of the 1st which is not illustrated, the 2nd, and 3rd 
transfer gate. The input edge of the 1st transfer gate is connected to the outgoing end of power 
amplification circuit 32a. The input edge of the 2nd transfer gate is connected to the outgoing end of 
power amplification circuit 32b. The input edge of the 3rd transfer gate is connected to the outgoing end 
of power amplification circuit 32c, and it connects with the end of the common electrostrictive actuator 
4 to which the outgoing end of the 1st, the 2nd, and 3rd transfer gate corresponds. And if the gradation 
control signal corresponding to the printing information outputted from the drive control circuit which is 
not illustrated is inputted into the control edge of the 1st transfer gate, the 1st transfer gate will be turned 
on and the amplification driver voltage wave signal for large drop regurgitation outputted from power 
amplification circuit 32a will be impressed to an electrostrictive actuator 4. 

[0041] An electrostrictive actuator 4 carries out the volume change (an increase and reduction) of the 
pressure generating room 2 rapidly with the variation rate of this diaphragm 3, makes the pressure 
generating room 2 where it filled up with ink generate a predetermined pressure wave, and makes the 
ink drop 1 of a large drop it to give the variation rate according to the amplification driver voltage wave 
signal impressed to a diaphragm 3, and breathe out from a nozzle 7 by this pressure wave at this time. If 
the gradation control signal corresponding to the printing information outputted from a drive control 
circuit is inputted into the control edge of the 2nd transfer gate, while the 2nd transfer gate will be turned 
on and will be outputted from power amplification circuit 32b, the amplification driver voltage wave 
signal of a **** delivery volume is impressed to an electrostrictive actuator 4. An electrostrictive 
actuator 4 carries out the volume change of the pressure generating room 2 with the variation rate of a 
diaphragm 3, makes the pressure generating room 2 where it filled up with ink generate a predetermined 
pressure wave, and makes the ink drop 1 of an inside drop it to give the variation rate according to the 
amplification driver voltage wave signal impressed to a diaphragm 3, and breathe out from a nozzle 7 by 
this pressure wave at this time. Moreover, if the gradation control signal corresponding to the printing 
information outputted from a drive control circuit is inputted into the control edge of the 3rd transfer 
gate, the 3rd transfer gate will be turned on and the amplification driver voltage wave signal ( drawing 4 
(a)) of globule ****** outputted from power amplification circuit 32c will be impressed to an 
electrostrictive actuator 4. An electrostrictive actuator 4 makes the pressure generating room 2 produce a 
volume change with the variation rate of a diaphragm 3, generates a predetermined pressure wave and 
makes the ink drop 1 of a globule to give the variation rate according to the amplification driver voltage 
wave signal impressed to a diaphragm 3, and breathe out from a nozzle 7 by this pressure wave in the 
pressure generating room 2 where it filled up with ink at this time. The breathed-out ink drop reaches the 
target on record media, such as the recording paper, and forms a record dot. By performing formation of 
such a record dot repeatedly based on printing information, multi-gradation record of a character or the 
picture is carried out in the record paper. In this example, the drive circuit of drawing 2 is included in the 
ink-jet recording device only for binary records, the drive circuit of drawing 3 constructs to the ink-jet 
recording device which also performs gradation record, and it is rare **. 
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[0042] As shown in drawing 4 (a), in order that the above-mentioned amplification driver voltage wave 
signal may expand the pressu r e generating room 2 and may retreat a meniscu s^The 1st voltage chan ge 
process 41 Which brings downthe applied voltage V to an electrostrictive actuator 4 (VI ->Q\ In ord er 
to co mpress the 1 gt v n1ta£p ^"t^nan ce process 42 and pressure generating room 2 which holds 
Br ought^down applied vo lta ge V for atime (tl f time) (0->0) a nd to make the ink drop 1 breathe out, The 
2 nd voltage change process43 which starts vo ltape (0 ->V2\ the 2nd voltage maintenance process 44 ^ 
\\jiic hJiolds started applied voltage V for a time (t2' time) (V2 ->V2\ and in order to expand the 
pressure generati ng room 2 again As opp osed to the natural period ic of th e pressure wave whic h 
consists!)! the 3rd voltage change process 45 which brings down voltage (V2 ->0), and generates the 
voltage change time t2 and t3 in the 2nd and 3rd voltage change process 43 and 45 in the pressure 
generating room 2 It is set as the length of 0<t2<Tc/20<t3<Tc/2^ 

[0043] Next, the **** experiment was conducted on the following driver voltage wave conditions about 
the ink-jet drive method of this example, that is reference voltage V1=10V -- voltage change time 
tl=3microsecond in the 1st voltage change process 41 ~ voltage holding-time tl -4microsecond in the 
1st voltage maintenance process 42 « the voltage change time t in the 2nd voltage change process 43 ~ 
for 2= 2 microseconds at voltage change time t3=2microsecond in the 3rd voltage change process 45 It 
set up, respectively, voltage holding-time t2' in the 2nd voltage maintenance process 44 was changed, 
and change of **** was investigated. In addition, always, the voltage variation V2 of the time 43 of 
****, i.e., the 2nd voltage change process, was adjusted so that **** might serve as 6 m/s. Drawing 6 is 
the property view showing the relation between voltage holding-time t2* in the 2nd voltage maintenance 
process 44, and **** of ink. a solid line The actual measurement and dashed line which were obtained 
under above-mentioned conditions are the guess value of **** which computed the drop volume q by 
having computed the volume velocity u3 in the nozzle section 7, and having substituted this calculation 
result for the formula (4) based on the formula (3), and was called for from the computed drop volume 
q. Although some differences were in the absolute value so that drawing 6 might show, good 
coincidence was obtained between the theoretical value and the experimental value. 
[0044] By adding t he VH vnltape change prp^gg gn that drawing 6 may show As it be comes possible 
to make an ink drop into a granule remarkably and is especially shown in drawing 4 (b) W hen the finish 
time of the 2nd voltage change process 43 and the start time of the 3rd voltage change process 45 are 
made in agreement, That is, when voltage holding-time t2* in the 2nd voltage maintenance process 44 
was set to 0 microsecond, thpjnlc drop of the sma llest **** f 19 micrometers) was ob tained, and the bird 
clapperw as chec ked for the minute dropreg wgitation of 20-micrometer level possible . 
[0045] NexCun3eFthe voltage holding : ^irnet2 -Omicrosecond conditions in the 2nd voltage 
maintenance process 44, the voltage change time (starting time t2) of the 2nd voltage change process 43 
and the voltage change time (bringing down time t3) of the 3rd voltage change process 45 were changed, 
and change of **** of ink was surveyed. Drawing 7 is the starting time t2 / graph which brings down 
and shows the relation between time t3 and **** of ink. If the starting time t2 and the starting time t3 
are set or less [ of the natural period Tc of a pressure wave ] to 1/2, drawing 7 shows that fine globule 
**** is performed effectively. 

[0046] in addition, **** of the ink breathed out - a formula (1) - the Ming kana - like, since it is 
dependent on the natural period Tc and the diameter of a nozzle of a pressure wave, it can set in the 2nd 
voltage change process 43/the 3rd voltage change process 45 ~ even if it brings down starting time 
t2/and sets time t3 or less [ of a natural period Tc ] to 1/2, the minute drop of 20-micrometer level is not 
necessarily obtained That is, it is not sufficient condition but a requirement when obtaining the minute 
drop of 20-micrometer level to bring down starting time t2/and to set time t3 or less [ of a natural period 
Tc ] to 1/2. 

[0047] Next, the **** experiment was conducted by the driver voltage wave conventionally which is 
shown in drawing 17 for comparison with the conventional technology, reference voltage V1=10V 
[ namely, ] -- it was set as voltage holding-time tl-4microsecond in the voltage change time tl= 3- 
microsecond voltage maintenance process 5 in the 1st voltage change process 54, respectively, and 
change of **** of the ink which it is made to change at the time t3 of ****, i.e., the starting time in the 
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2nd voltage change process 56, and is breathed out was investigated In addition, always, the voltage 
variation V2 at the time of **** was adjusted so that **** might serve as 6 m/s. Drawing 8 is the 
property view showing the relation between the build up time t2 in the 2nd voltage maintenance process 
56, and **** of ink, and the actual measurement obtained under the conditions above-mentioned [ a 
solid line ], and a dashed line are the guess values of **** called for based on the formula (3) and the 
formula (4). Although some differences were in the absolute value so that drawing 8 might show, good 
coincidence was obtained between the theoretical value and the experimental value. In the range of 
t3<Tc (Tc : natural period of a pressure wave), **** decreases linearly with reduction of the starting 
time t3 so that clearly from drawing 8 . Therefore, when using the conventional "meniscus control 
(lengthening and striking)" wave as shown in drawing 17 , the starting time t3 becomes that it is more 
advantageous for fine globule **** to set up as small as possible. However, **** predicted from 
drawing 8 though the starting time t3 is able to be set as 0 microsecond is about 28 micrometers, and it 
is difficult to obtain the^intf^drop of 20-micrometer level. 

[0048] o 2nd exampre drawing/9 is the wave form chart showing the composition of the driver voltage 
wave adopted as the dnve-rrigfnod of the ink-jet recording head which is the 2nd example of this 
invention. As shown in this drawing, in order that an amplification driver voltage wave signal may 
expand the pressure generating room 2 and may retreat a meniscus in this 2nd example The 1st voltage 
change process 91 which brings down the applied voltage V to an electrostrictive actuator 4 (VI ->0), In 
order to compress the 1st voltage maintenance process 92 and pressure ge nerating room 2 which holds 
brought-down applied voltage V for a time (tl* time) (0->0) and to make the ink drop 1 breathe out The 
2nd voltage change process 93 which starts voltage (0 ->V2), the 2nd voltage maintenance process 94 
which holds started applied voltage V for a time (t2' time) (V2 ->V2), and in order to expand the 
pressure generating room 2 again In order to generate the 3rd voltage change process 95 which brings 
down voltage (V2 ->0), the 3rd voltage maintenance process 96 which holds brought-down applied 
voltage V for a time (t3' time) (0->0), and the pressure wave for reverberation suppression As opposed 
to the natural period Tc of the pressure wave which consists of the 4t h voltage change process 97 whicft 
s tarts voltage again (0 ->V1), and generates the voltage change time t2 and t3 in the 2nd and 3rd voltag e 
c hange process 93 and 95 in the pressure ge n erating room 2 It is set as the le n gth of 
0<t?<TcJ7()<i^<TcJ7 Tn addition. in_order to nejzate jhe reverberation of a pressiSewave efficiently, it is 
^esirable4qs et the voltage change time t4 in the 4th voltage change process 97 as the length of 
6<t4< 1 c/2J*Tthe natural period Tc of the pressure wave generated in the pressure generating room 2. 
""That^sTlfis the same as that of the composition of the 1st above-mentioned example, and abbreviation 
except the point of having established the 4th voltage change process 97 and the 3rd [ accompanying 
this ] voltage maintenance process 96. 

[0049] Next, the regurgitation experiment was conducted on the following driver voltage wave 
conditions about the ink-jet drive method of this 2nd example, namely, the time of reference voltage 
V1=10V regurgitation « that is voltage variation V2=8V in the 2nd voltage change process 93 - voltage 
change time tl=3microsecond in the 1st voltage change process 91 ~ the 1st voltage maintenance 
process 92 ~ for voltage holding-time tl -4 microseconds voltage change time t2=2microsecond in the 
2nd voltage change process 93 - voltage holding-time t2-0microsecond in the 2nd voltage maintenance 
process 94 - the 3rd voltage change process 95 - voltage change time t3=2 mus - voltage holding-time 
t3 - in the 3rd voltage maintenance process 96 - for 2 microseconds on the voltage change time 
t4=3microsecond voltage conditions in the 4th voltage change process 97 Volume-velocity change of 
the ink in the nozzle section 7 produced when it drives by the driver voltage wave of drawing 9 was 
computed using the formula (3) and the formula (4). This calculation result is shown in drawing 10 (b) 
as a particle velocity. 

[0050] Next, the regurgitation experiment was conducted by the driver voltage wave conventionally 
which is shown in drawin g 4 for comparison with the 1st example, namely, the time of reference voltage 
V1=10V regurgitation - that is voltage variation V2=8V in the 2nd voltage change process 93 ~ voltage 
change time tl=3microsecond in the 1st voltage change process 91 — the 1st voltage maintenance 
process 92 - for voltage holding-time tl -4 microseconds voltage change time t2=2microsecond in the 
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2nd voltage change process 93 — voltage holding-time t2 - in the 2nd voltage maintenance process 94 -- 
for 0 microsecond on the voltage change time t3=2microsecond voltage conditions in the 3rd voltage 
change process 95 Volume-velocity change of the ink in the nozzle section 7 produced when it drives by 
the driver voltage wave of drawing 4 was computed using the formula (3) and the formula (4). This 
calculation result is shown in drawing 10 (a) as a particle velocity. 
£[0051] the case where it drives by the driver voltage wave ( drawing 4 ) of the 1st example - the 1-, by 
* operation of the 3rd voltage change process 41, 43, and 45, while **** of an ink drop smaller than the 
diameter of a nozzle becomes possible, good **** stability cannot be acquired This is because the 
reverberation of a big pressure wave will occur and this will worsen **** stability also after the 1st 
wave which participates in **** of an ink drop, if it puts in another way also after ****, when it drives 
by the driver voltage wave ( drawing 4 ) of the 1st example, so that drawin g 10 (a) may show. 
v . According to an artificer's etc. experiment, after big pressure wave reverberation in this way has 
^occurred, w hen the generating state of a satellite tends to become unstable, it i s Ming that it is especially 
easy to generate poor **** in high drive frequency. 

[0052] On the other hand, since the pressure wave set off against the pressure wave reverberation to 
generate by continuing at the 1st to 3rd voltage change process 91, 93, and 95, and^e-^tia^ltage 
change process 97 being added occurs when it drives by th e driver voltage wave K&awinglM of the 2n d 
examnl^ Jhe amplitude of volume velocity declines^^reatly henceforth [ the first wkve4 ^fhat_drawing 
10 (b) mavlLow . Therefore, it turns out that generating of the pressure wave reverberation after **** is 
suppressed effectively. So, according to the drive method of this 2nd example, high drive frequen cy can 
al so **** a minute drop stab ly. 

[0053] Drawing 1 1 is a photograph which copies change of the discharge condition by the existence of 
reverberation suppression. In the case of the 1st example (with no reverberation suppression), the tail of 
an ink drop bent by drive frequency 8kHz or more, and it was checked to the flight state of a satellite 
destabilizing (photograph of this drawing (a)) that at least 10kHz of discharge conditions hardly changes 
in the case of the 2nd example (those with reverberation suppression) so that clearly from the 
photograph of drawing 1 1 (photograph of this drawing (b)). 

[0054] In addition, in this 2nd example, in order to suppress pressure wave reverberation efficiently, it is 
desirable to set the voltage change time t4 of the 4th voltage change process 97 below to the half of the 
natural period Tc of a pressure wave. Moreover, the time interval (t2+t2 f +t3+t3') of the start time of the 
2nd voltage change process 93 and the start time of the 4th voltage change process 97 can suppress the 
reverberation of a pressure wave most efficiently by setting it as abbreviation 1/2 to the natural period 
Tc of the pressure wave in the pressure generating room 2. This is because a pressure wave is negated 
efficiently by generating a pressure wave with a reverse phase to the pressure wave generated according 
to the 2nd voltage change process 93. 

[0055] As mentioned above, although the example of this invention has been explained in full detail 
with the drawing, concrete composition is not restricted to this example, and even if there is change of a 
design of the range which does not deviate from the summary of this invention, it is included in this 
invention. For example, the configuration of a nozzle or ink feed holes is not restricted to a taper 
configuration. Similarly, not only a circular configuration but a rectangle, a triangle, and other 
configurations are sufficient as an opening configuration. Moreover, even if each physical relationship 
of a nozzle, a pressure generating room, and ink feed holes is not limited to the structure shown in this 
example, either and arranges a nozzle in the center section of the pressure generating room etc., it is easy 
to be natural [ physical relationship ]. 

[0056] Moreover, in the 1st above-mentioned example, although the voltage at the time of the 1st 
voltage change process end (0V) and the voltage at the time of the 3rd voltage change process end (0V) 
are made in agreement, it is not limited to this but you may set it as different voltage mutually, moreover 
- the 2nd above-mentioned example - the 2- although the voltage change time t2, t3, and t4 of the 4th 
voltage change process 93, 95, and 97 is made in agreement, you may set up separately not only this but 
each voltage change time Moreover, in the 2nd above-mentioned example, although it was made to 
make the voltage at the time of the 4th voltage change process end in agreement with reference voltage, 
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it is not limited to this but you may set it as different voltage. Moreover, in the above-mentioned 
example, although reference voltage is made to offset from OV, you may set up not only this but 
reference voltage arbitrarily. 

[0057] Moreover, although the above-mentioned example showed the experimental result about the 
recording head whose natural period Tc of a pressure wave is 14 microseconds, when a natural period 
Tc differs from this, it is checked that it can apply that the same effect as abbreviation [ described / the 
above-mentioned example ] is acquired. However, when performing fine globule **** of 20-micrometer 
level, as for a natural period, it is desirable to set it as 20 or less microseconds. 

[0058] Moreover, although the recording head of 30 micrometers of diameters of a nozzle was used, not 
only this but the diameter of opening can drive an ink-jet recording head equipped with the nozzle which 
is 20-40 micrometers, and can make the ink drop of 5-25 micrometers of **** breathe out in the above- 
mentioned example. In addition, if the problem of blinding will be solved in the future, it will be 
expected that the practical minimum of the diameter of a nozzle is extended to about 20 micrometers. 
Moreover, in the above-mentioned example, although the kayser type ink-jet recording head was used, it 
is not limited to a kayser type. 
[0059] 

[Effect of the Invention] As explained above, according to the composition of this invention, high drive 
frequency can also carry out the regurgitation of the minute ink drop of a path smaller than the diameter 
of a nozzle stably. Specifically, also as for high drive frequency, the diameter of a nozzle can carry out 
the regurgitation of the minute ink drop of 30 micrometers or 20-micrometer level stably. 



[Translation done.] 
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